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(57) Abstract: A selective noise canceling device is disclosed that evaluates an external audio signal and determines whether a given 
external audio signal should be suppressed or reproduced. A selective noise suppression circuit processes the extranal audio signal 
to classify tfie external audio signal as noise to be suppressed or as a desired audio signal to be reproduced. An external audio signal, 
or a desired portion thereof, is reproduced if a portion of the externa] audio signal is likely to be of interest to the user. The desired 
external signal may optionally be amplified over the primary selected audio signal for emphasis and the selected audio signal may 
optionally be suppressed entirely when the desired external signal is reproduced. 
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Active noise canceling headset and devices with selective noise suppression 



Field of the Invaition 

Thepresent invention relates to active noise reduction techniques, and more 
particularly, to headsets and other devices employing such active noise reduction techniques. 

5 Backgroimd of the Invraition 

Portable telephones and electronic devices are increasingly popular in today's 
mobile society. Cellular and wireless telephones, for example, receive a signal transmitted 
from a base station or base unit, respectively. THe portable telephones allow users to make 
and receive telephone calls within a given radius of the base station (or base unit). Similarly, 

10 portable electronic devices, such as the Sony Walkman™, commercially available from Sony 
Corporation, including personal radios, cassette tape players, digital audio tape (DAT) 
players, MP3 players and compact disc players, allow a user to Usten to desired audio content 

at virtually aay location. 

Such portable devices provide users with great flexibility and convenience. 

15 Hie portable nature of such devices, however, encourages users to utilize such devices from 
virtually any location, or even vsiule traveling. Thus, users may be distracted when adjusting 
settings of the portable devices, such as when making a telephone call, or by the content 
itselt thereby potentially exposing the user to undue risks. In response to an increased 
number of motor vehicle accidents due to drivers distracted .^e making a telephone caU, 

20 for example, a number of jurisdictions have enacted legislation requiring users of cellular 
telephones to employ hands-free cellular devices. 

Portable telephones and electronic devices typicaUy include headphones or 
integrated speakers to reproduce the audio signal. Headsets typically include a pair of 
earpieces coupled by a flexible headband that presses the earpieces against the head of the 

25 user. The application of tiie earpieces to the user's ears serves to reduce ambient noise in a 
passive manner. In many enviromnents, however, such as on an airplane, passive noise 
reduction techniques are insufficient 

Thus, a number of manufacturers provide headsets that mcorporate an active 
noise reduction feature for canceling noise signals. Bose Corporation of Framingham, MA, 
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for example, sells a line of aviation headsets for use by airline passengers. The aviation 
headsets reduce engine and wind noise, and provide improved reproduction of a selected 
audio signal. Generally, the Bose aviation headset employs a microphone to monitor extemal 
sound at the user's ear. The measured sound is compared with the selected audio signal that 
the user desires to hear. The difference between the measured sound and the selected audio 
signal is unwanted extemal noise. An opposing correction signal (antinoise) is then generated 
by the headset. The antinoise is an equal and opposite vibration, 1 80 degrees out of phase 
with the noise to be blocked. When the unwanted noise and generated antinoise collide, 
destructive interference effects operate to cancel each other out 

Such noise canceling headsets serve to cancel all noise, however, other than 
the selected audio signal. Generally, the noise cancellation feature emphasizes the selected 
audio signal, and suppresses all otiier audio signals. Thus, users of such headsets are in a 
relatively closed audio environment, essentially xmaware of any outside audio stimulus other 
than associated with the selected audio signal. If another person speaks to a user of such 
headsets, for example, the noise cancellation feature would operate to suppress the speaker. 
Likewise, the noise cancellation feature would operate to suppress other audio signals, such 
as an emergency aimouncement or alarm, that would otherwise alert the user to a risk. 

A need therefore exists for a noise canceling device that evaluates the content 
of an extemal audio signal and determines whether a given audio signal should be suppressed 
or reproduced A further need exists for a noise canceling headset that reproduces extemal 
audio signals that are of interest to a user. Yet another need exists for a noise canceling 
headset that classifies an extemal audio signal based on itis content 

Sximmaiy of the Invention 

Generally, a selective noise canceling device is disclosed that evaluates an 
extemal audio signal and determines whether a given extemal audio signal should be 
suppressed or reproduced. The disclosed selective noise canceling device includes a selective 
noise suppression circuit that processes the extemal audio signal to classify the extemal audio 
signaLas either noise to be suppressed or a desired audio signal to be reproduced. The portion 
of the extemal audio signal that is to be reproduced in accordance with the present invention 
is referred to herein as the "desired extemal signal.*' 

The present invention reproduces an extemal audio signal, or a desired portion 
thereof, if a portion of the extemal audio signal is likely to be of interest to the user. For 
example, the selective noise canceling device of the present invention may reproduce audio 



PCT/IB02/01178 

WO 02/082422 

3 

signals alerting the user to 1^ as weU as other audio signals directed to 

acoustically distinct from the general background noise of the environment. 

The desired eKtemal signal may optionally be amplified over the prunary 
selected audio signal for emphasis-Maddition, the selected audio signal may optionally be 

siq,pressed entirely when the desired external signal is reproduced. 

A more complete miderstanding of the present invention, as well as further 
features and advantages ofthe present invention, will be obtained by reference to the 

followmg detaHed description and drawings. 

Brief Description of the Drawings 

FIG. 1 iUustrates a selective noise canceling headset in accordance wxlh the 

present invention; . 

FIG. 2 is a schematic block diagram illustrating the selective no^e cancehng 

headset of FIG. 1 in further detail; 

FIG. 3 is a schematic block diagram illustrating a first embodmient ofthe 

selective noise suppression circuit of FIG. 2; 

FIG. 4 is a schematic block diagram illustrating a second embodmient ofthe 
selective noise siq)pression circuit ofFIG. 2; and 

FIG. 5 is a schematic block diagram iHustrating a third embodmient of tiie 

selective noise s\q)pression circuit of FIG. 2. 

netaHed De scription 

;raTm«strates a selKtlve noise canceling headset 100 m accordance ™th 

present invention. As show in HO. 1 . the selective noise canceling he^ 100 bchrdes 
apairof earpiece. UO-l. 110-2 (coUedvely. earpieces 1,0) coupled by a feeble headb^d 
120dra,pressesteearpieoesU0agai„s.d>eheadof.heuser.inknov»n«nner.Inadd.hon. 

a.e selective noise creeling headset 100 h»hdes one or more mic«,phones ,50 monnted on 
the earpieces 1 10 to monitor the external sound at «ne user's ear and generate a srgnal 
referred to herein as the "external audio signal." 

According to one feature ofthe present invention, the selective no.se cancehng 
Wset 100 also includes a selective noise s>5pression circuit 200, discussed below m 
conjunction vvith FIG. 2. that processes d.e external audio signal obtained by the nucrophone 
150 and selecdvely classifies the extemal audio signal as either noise to be supp^ssed or an 
audio signal «. be reproduced. The portion ofthe extemal audio signal that .s to be 
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reproduced in accordance with the present invention is referred to herein as the "desired 
external signal." 

Generally, an external audio signal will be reproduced by the selective noise 
canceling headset 100 in accordance with the present invention if the audio signal is likely to 
be of interest to the user, as discussed further below. For example, the selective noise 
canceling headset 100 may reproduce audio signals alerting the user to harm, such a dog 
barking, an alarm or an automobile horn, and other audio signals directed to the user that are 
acoustically distinct from the general background noise of the enviroimaent, such as spoken 
words. The user can optionally specify the kinds of external audio noise to be reproduced in a 
given environment 

Thus, as shown in FIG. 2, the selective noise suppression circuit 200 receives 
the selected audio signal 210 from a media player 215, such as a personal radio, cassette tape 
player, DAT player, MP3 player, compact disc player or portable telephone, and the external 
audio signal 220 generated by the microphone 150. Various embodiments of the selective 
noise suppression circuit 200 are discussed below in conjvmction with FIG. 3 through 5. 
Generally, the selective noise suppression circuit 200 processes the selected audio signal 210 
and extemal audio signal 220 to reproduce the selected audio signal 210, as well as the 
desired extemal signal portion of the external audio signal 220, and suppress the remaining 
portions of the extemal audio signal 220 (noise). 

Thus, the selective noise suppression circuit 200 applies the selected audio 
signal 210 and the desired extemal signal to the selective noise canceling headset 100. In a 
further variation, the selective noise suppression circuit 200 can optionally cancel the 
selected audio signal 210 as well and reproduce only the desired extemal signal, for example, 
in presence of a known threat. 

FIG. 3 illustrates a first exemplary embodiment of the selective noise 
suppression circuit 200 of FIG. 2. As shown in FIG. 3, the selective noise suppression circuit 
200 includes an audio classifier 310 and a noise canceling circuit 340. As shown in FIG. 3, 
the audio classifier 310 processes the extemal audio signal and retums a binary zero (0) if the 
extemal audio signal is noise and should be cancelled by the noise canceling circmt 340, or a 
binary one (1) if the extemal audio signal is usefiil and should be reproduced as the desired 
extemal signal with the selected audio signal. In this manner, the audio classifier 310 
indicates whether the entfre extemal audio signal should be suppressed or reproduced by the 
noise canceling circuit 340. The audio classifier 310 may be embodied in accordance with llie 
audio content analysis techniques described in, for example, Silvia Pfeiffer et al., "Automatic 
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Audio A^y-." Proc. ACM Multin.^ 96. 21-30. Boston. MA. (Nov. 1996), 

incorporated by reference herein. 

nG4mus.ra.esasecondexemplaryembodta.en.of*eselectveno.e 

sup— cixouh 200- of no. 2. A. show in FIO. 4. fl. selective noise swe-i"- 
r^L.anaudioclassi.e.410.an»pUfier420.anaaae.430an.ano.s.c^^^^^ 
L440.™eauaioc,a.ifie,4,0andnoi.canoc0ngci™..440«nbe^bod.^n.^ 
sanao manner as the fading element, in FIG. 3. m.. «.e a„d.o da^er 410 
^^.ses the external audio si«aal and returns a binary »ro (0) or one (1) ^the ^ 
Lio sisaal i. noise and should he eanceUed or if the ««emal audio srgnal . useftl and 

shouldbe reproduced, respectively. ^ ufi^iuvnn 

in addition, if the external ^o Signal is uaoM. stgual « amphfi^ b,^ 

ampUfier 420 also con^oUed by the on/oif signal generated by *e audio ''^-^T 
Jo„,putof.he^p.ifier420is.roC0,if.heex.erna.audio^alisno.u.M.«^^^ 

a^Jed version of the external audio signal if the extenud audio signal ts use«tl. Tie outp- 
:f^;ri20isaddedto«.eseleaed audio sisnal by anadder430.andtheeonrhmed 

iZriedtothenoisceancehng circuit 440.hi«.sma,.er.theou.putof,heno^ 
Irit 440 can cn^ <he ampUfled external audio signal over the selected 

audio signal, if desired. . 

FIG SinustratesathirdexemplaryembodimentoftheselecOvenoBe 

su^on oiroui. 200" of FIG. 2. As show in FIG. 4. the selective noise suP— 
Zit 200" includes an audio dassifier/segmorter 5 10. an anrpUiier 520. an adder 530 and a 

oircuit 540 Tl« audio classifier 510. adder 530 and noise cancelmg c«mt 
noise canceling cnrcuiT inc au , , . TTTno q and 4 In 

540 canbe embodied in the same manner as the co^esponding elem^ts m FIOS^ 3 a.d 4. In 
the embodiment of FIG. 5. *e ampM. 520 is no longer controUed by the ouq,ut of the 
audio classifier 510. but rather amplifies any signal present at its mput 

The audio classifier/segmenter 510 segments the stomal audro signal mto 

various signals, classifies each hidividua, signal as uscfiU or noise, and^pp^es ^no^ 
using afilter 515. The ou^utof the filter 515 is flie desired external signal (DBS), l^a^o 
cJifler/segmenter 5 10 may be embodied h. accordance ^di flie techmques des.^hed m T. 
LgandCalayKuo. •heuristic Approach&rGeneHcAudioDataSe^en^^^^^ 

Annotation," Proc. ACM Multimedia 99 (ACM Specif Interest Groups). Nov 5. 999. 
mcorporated by reference herein. GeneraUy. ttie audio classifier/segmenter 510 v^U 
Jluce the external audio signal if 4e audio signal is likely to be of ^^'^^^^ 
Z example, the selective noise canceUng headset 100 may reproduce audio signals aiertmg 
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the user to harm, such an alarm or an automobile horn, and other audio signals directed to the 
user that are acoustically distinct from the general backgroimd noise of the environment, such 
as spoken words. The desired external signal is amplified by the amplifier 520 and the output 
of the amplifier 520 is added to the selected audio signal by an adder 530. The combined 
5 output is applied to the noise cancelmg circuit 540, In this manner, the output of the noise 
canceling circuit 540 can emphasize the amplified desired extemal signal, if desired, over the 
selected audio signal. 

In a further variation, the audio classifier/segmenter 510 can initiate the replay 
of a recorded message associated with a given predefined audio segment. For example, the 
10 audio classifier/segmenter 510 can initiate a message such as "dog barking on left side" if 
such a signal is identified in accordance with the present invention. In an embodiment where 
the extemal audio signal is amplified, the final audio signal can be defined as follows: 
Final Audio Signal = a*(extemal audio signal) + 
(1- a)* (selected audio signal), 
1 5 where a determines the intensity of the signal. 

It is to be imderstood that the embodiments and variations shown and 
described herein are merely illustrative of the principles of this invention and that various 
modifications may be implemented by those skilled in the art without departing from the 
scope and spirit of the invention. 
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, A selecdve noise canceling headset (100), compnsmg: 

«l^oneea.piece(110)forreproduci„gaselectedan<hos,gnat 
!^p.JTl50)&rn>oniWganex.»alauaiosignalinav.cnn,yo, 

said headset (100); and „no% for analyring said external andio 

aselecdvenoisesnppress.onc^.(22f--^^^ 

signal and for selecdvely reproducing at least a port, on of satd extem 
likely to be of interest to a user. 

The selective noise canceling headset (100) of clain. 1. wherein sMd 
10 reproducedportionofsaido^emnlandiosignalisanalamtandiostgnal. 

TTrese.ectivenoisecancelingheadset(100)ofclain.l.v*ereinsaid 

3 Theseiecu . distinct Com a general 

reproduced portion of said external audio signal IS acoustic 

background noise of a local environment 

. T,reselectivenoisecancelingheads«(100)ofclaiml.v*ereinsaid 
:iproducedporn:Ldexte.nalan.osignalis— withs^aire^ 

ofsaid headset (100). 

. J +/-innvnfclaiml, wherein said selective 
The selective noise canceling headset (100) of Claim 1, 

20 5. Theseiecuve audio signal unless a portion of said 

noise suppression circuit (200) suppresses said external audio signal 
external audio signal is likely to be of interest to a user. 

..Imp headset (100) of claim 1, wherem said selective 
fL The selective noise cancelmg headset <.iuu; „„W a 

. >ooO^ segments said external audio signal and reproduces only a 
25 noise suppression curcuit (200) se^ents ^.^erest to a user, 

desired portion of said external audio signal that is bkely 
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7. The selective noise canceling headset (100) of claim 1, wherein said selective 
noise suppression circuit (200) emphasizes a desired portion of said extemal audio signal that 
is likely to be of interest to a user over said selected audio signal. 

8. A selective noise canceling device, comprising: 

a microphone (150) for monitoring an external audio signal; and 

a selective noise suppression circuit (200) for analyzing said extemal audio 

signal and for selectively reproducing at least a portion of said extemal audio signal that is 

likely to be of interest to a user. 

9. The selective noise canceling device of claim 8, wherein said reproduced 
portion of said extemal audio signal is an alarm audio signal. 

10. The selective noise canceling device of claim 8, wherein said reproduced 
portion of said extemal audio signal is acoustically distinct from a general background noise 
of a local environment. 

1 1 . The selective noise canceling device of claim 8, wherein said reproduced 
portion of said extemal audio signal is associated with speech directed to a user of said 
device. 

12. The selective noise canceling device of claim 8, wherein said selective noise 
suppression circuit (200) suppresses said extemal audio signal imless a portion of said 
extemal audio signal is likely to be of interest to a user. 

13. The selective noise canceling device of claim 8, wherein said selective noise 
suppression circuit (200) segments said extemal audio signal and reproduces only a desired 
•portion of said extemal audio signal that is likely to be of interest to a user. 

14. The selective noise canceling device of claim 8, wherein said selective noise 
suppression circuit (200) emphasizes a desired portion of said extemal audio signal that is 
likely to be of interest to a user over a selected audio signal. 



15. 



A selective noise canceling method, comprising: 
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monitoring an external audio signal; 
analyzing said external audio signal; and 

selectively reproducing at least a portion of said external aud.o sxgnal that .s 

likely to be of interest to a user. 
' ,6 The selective nois. candling mea^odofclata. 15. »h=r«n^d reproduced 

p<rfon of said e>ctefflal audio signal is an atom audio signal. 

TheseleodvenoiseoanoeliBgmed,odofdain. ,5. «her«n ^d reproduced 
,0 portionof said external ^dio signal is acousttcally disdnct*on. a genera, background 
selective noise of a local environment 

■n,e selective noise canceUng memod of claiM 15. Wherein said re^ 
p<^on of said e:^ audio signal is associa^d wiih speech directs. « a user of sa.d 
15 metliod. 

,„ Tie selecdve noise canceling medxod of claim 15. ftr*er comprMng *e step 

of suppressing said ex»«al audio signal unless a portion of said eternal audio s,gnal .s 
likely to be of interest to a user. 

.0 Tlae selective noise canceling metiaod of clain. 1 5, comprising the step 

Lgmentingsaidext^audio signal andreproducingonlyadesiredpo^^^ 

external audio signal that is likely to be of interest to a user. 



20 



25 21. 



•ae selective noi« canceling mefl»d of clai» 15. teti^er comprising ti.e step 



::en,pHasi^Sade3iredportionofsaidex.e„»la»liosigna.d^isli.ely.heofin.er^ 

a user over said selected audio signal. 
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(57) Abstract: A selective noise canceling device (100) is disclosed that evaluates an external audio signal and determines whether 
2 a given external audio signal should be suppressed or reproduced. A selective noise suppression circuit (200) processes the external 

audio signal (220) to classify the external audio signal (220) as noise to be suppressed or as a desired audio signal to be reproduced. 
Q An external audio signal (220), or a desired portion thereof, is reproduced if a portion of the external audio signal (220) is likely to be 

of interest to the user. The desired external signal may optionally be amplified over the primary selected audio signal for emphasis 
*^ and the selected audio signal may optionally be suppressed entirely when the desired external signal is reproduced. 
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